Introduction
Hematological abnormalities are frequently observed in patients with liver cirrhosis (LC). It has been reported that 84% of patients with the same type of LC and graded as Child-Pugh A/B for liver function suffer from hematological abnormalities, among which 32% of patients suffer from decreases in several types of blood cells, and the remainder are mainly patients with thrombocytopenia or combined thrombocytopenia and granulocytopenia (1) . Moreover, these may lead to serious complications and may thus affect the prognosis of patients. They may be the limiting factors in corresponding invasive surgeries, such as liver puncturation, liver biopsy, endoscopy or surgical treatments. Leucopenia may increase the risk of infection following surgery. Thrombocytopenia may increase the risk of esophageal variceal hemorrhage and hemorrhage during and after surgery, while anemia may lead to even more complications after hemorrhagic events (2) . Some studies have reported the incidence of these abnormal situations, such as hypersplenia and a decrease in thrombopoietin in the liver, which further leads to aleukia (3) . Portal hypertension causes alimentary tract hemorrhaging, hemolysis and the loss of hematopoietic substances, such as ferrum, folic acid and other substances, which further leads to Whole genome expression profiling and screening for differentially expressed cytokine genes in human bone marrow endothelial cells treated with humoral inhibitors in liver cirrhosis BO anemia of organisms (4) . Moreover, hepatitis B and C viruses, excessive alcohol abuse and drug intake induce the formation of LC and subsequently impair hematopoietic functions in bone marrow due to bone marrow depression (5, 6) . Apart from these reasons, the inhibitors in LC serum which include intestinal endotoxin, inflammatory cytokines, collagen, antibodies and other factors can affect the function of BM. We found in our preliminary experiments that the gradually accumulated LC related humoral inhibitors in vivo affected bone marrow endothelial cells (BMECs) and caused ultrastructural damage that was positively associated with the serious degree of LC (7) . The bone marrow microenvironment is the habitat of hematopoietic stem/progenitor cells (HSPCs) and it is where they proliferate and differentiate. BMECs are important components of the bone marrow microenvironment. They constitute a mechanical barrier between peripheral blood and the bone marrow microenvironment (8) . Due to this special histological position, they not only function as cytoskeletal components supporting adhesion, migration and other activities of HSPCs, but also secrete cytokines to the bone marrow microenvironment (9, 10) . A number of studies have demonstrated that these cytokines have important functions in regulating the directed homing, proliferation and differentiation of HSPCs (11) (12) (13) (14) . If BMECs are damaged, this results in dysfunction and the hematopoietic function of the bone marrow may therefore also be damaged. In addition, in a previous study, we found that the ultrastructure of BMECs was damaged by a humoral inhibitors in the sera of patients with LC (7) .
Therefore, we hypothesized that the humoral inhibitors in the sera of patients with LC may induce damage and abnormal cytokine secretion by BMECs. This would then lead to a disturbance in the bone marrow microenvironment and the dysfunction of HSPCs. In order to verify this hypothesis and investigate what changes occur in BMECs and whether they abnormally secrete cytokines in LC, we cultured human BMECs with medium supplemented with 20% pooled sera from healthy volunteers or patients with LC, and the abnormally expressed signaling pathways and cytokines were screened using whole genome expression profiling, Human Cytokines RT 2 Profiler™ PCR array and in vitro experiments.
Materials and methods
Patients and serum collection. A total of 26 hospitalized patients (aged 35-62 years; mean age, 52.12±7.03 years) from the First Affiliated Hospital of Harbin Medical University, Harbin, China were selected to participate in this study from September 2011 to May 2012. The patients had been diagnosed with cholestatic LC and their liver functions were graded as Child-Pugh A/B (A=9, B=17). They were all male patients without viral hepatitis, alcoholic liver disease, other liver diseases and diseases in other systems, and peripheral blood samples were collected from the patients pior to the treatments. A total of 10 healthy male volunteers (aged 34-65 years; mean age, 52.90±8.39 years) were selected after performing a physical examination, and their blood samples were collected to obtain the sera for the healthy control group. The study protocol was approved by the Ethics Committee of Harbin Medical University and informed consent was obtained from all patients, as per the guidelines of the World Medical Association Declaration of Helsinki. Serum specimens were obtained by standard clinical laboratory processing with serum separated typically <1 h after blood collection. Sera were heat inactivated for 40 min at 56˚C and sterile filtered through 0.22-µm filters (Millex, Millipore Corp., Bedford, MA, USA). After processing, the serum samples were stored in a refrigerator of -20˚C for further use, as previously described (15) . Additionally, the data of the hematological parameters of the patients with LC and the healthy volunteers were obtained from the Medical Examination Center of the First Affiliated Hospital of Harbin Medical University (Table I) .
Cell lines and cell culture conditions. Human BMECs (China Center for Type Culture Collection, Shanghai, China) were cultured in RPMI-1640 medium (Sigma, St. Louis, MO, USA) containing antibiotics (100 U/ml of penicillin and 100 mg/ml of streptomycin) and incubated in 5% CO 2 . In order to evaluate the effects of the humoral inhibitors in the sera of patients with LC on BMECs, this medium was modified to 20% pooled sera content with either the pooled sera of healthy controls (n=10) or the pooled sera of patients with LC (n=26); the other culture conditions were not changed. TRIzol reagent (Invitrogen Corp., Camarillo, CA, USA) was used to isolate the RNA after the human BMECs were treated for 48 h, as previously described (15) .
Apoptosis assay. After the BMECs were treated with medium supplemented with 20% pooled sera from patients with LC or healthy volunteers as the control group for 48 h, 1x10 6 cells were collected and washed twice with ice-cold PBS, suspended in binding buffer (100 µl) (BD Biosciences, San Jose, CA, USA), treated with Annexin V and propidium iodide (PI) (BD Biosciences), and incubated in the dark for 15 min; another 300 µl binding buffer were then added and flow cytometry analysis was performed within 1 h to measure the rate of apoptosis (%).
RNA extraction. Total RNA was extracted and isolated using TRIzol reagent (Invitrogen Corp.) following the manufacturer's instructions. RNA quantity and quality were measured using the NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies, Inc., Wilmington, DE, USA). RNA integrity was assessed by standard denaturing agarose gel electrophoresis. For spectrophotometry, the OD A260/A280 ratio should be close to 2.0 for pure RNA (ratios between 1.8 and 2.1 are acceptable). The OD A260/A230 ratio should be >1.8.
Whole genome microarray analysis. The Human 12x135K Gene Expression array was manufactured by Roche NimbleGen (Madison, WI, USA). A total of 45,033 genes were collected from authoritative data sources, including NCBI. Double-stranded cDNA (ds-cDNA) was synthesized from total RNA using an Invitrogen SuperScript ds-cDNA synthesis kit in the presence of 100 pmol oligo(dT) primers. ds-cDNA was cleaned and labeled in accordance with the NimbleGen Gene Expression Analysis protocol. The purified cDNA was quantified using a NanoDrop ND-1000 spectrophotometer. For Cy3 labeling of cDNA, the NimbleGen One-Color DNA labeling kit was used according to the manufacturer's instructions. ds-cDNA (1 µg) was incubated for 10 min at 98˚C with 1 OD of Cy3-9mer primer. Subsequently, 100 pmol of deoxynucleoside triphosphates and 100 U of the Klenow fragment (New England Biolabs, Ipswich, MA, USA) were added and the mixture was incubated at 37˚C for 2 h. Microarrays were hybridized at 42˚C for 16-20 h with 4 µg of Cy3 labeled ds-cDNA in NimbleGen hybridization buffer/hybridization component A in a hybridization chamber (Hybridization System, NimbleGen Systems, Inc.). After being washed in an ozone-free environment, the slides were scanned using the Axon GenePix 4000B microarray scanner (Molecular Devices, LLC. Sunnyvale, CA, USA). Scanned images (TIFF format) were then imported into NimbleScan software (version 2.5) for grid alignment and expression data analysis. Expression data were normalized through quantile normalization and the Robust Multichip Average algorithm included in the NimbleScan software. All gene level files were imported into Agilent GeneSpring GX software (version 11.5.1; Agilent Technologies, Inc., Santa Clara, CA, USA) for further analysis. Differentially expressed genes were identified through fold change filtering. (Table II) . It also contains 12 internal control genes, including a panel of 5 housekeeping genes (B2M, HPRT1, RPL13A, GAPDH, ACTB), 3 reverse transcription controls, 3 positive PCR controls and human genomic DNA contamination (HGDC). After the preparatory detection, the expression of ACTB was comparatively constant, and we selected ACTB as the final control gene to control for variability in cDNA quantity, integrity and individual primer TNF, TNFRSF11B, TNFSF13B,  TNFSF10, TNFSF11, TNFSF12, TNFSF13, TNFSF13B, TNFSF14, TNFSF4,  TNFSF7, TNFSF8 Other growth factors/cytokines CSF1 (MCSF), CSF2 (GMCSF), LEFTY2 (EBAF), FAM3B
Human
IFNA, interferon α; IFNB, interferon beta; IFNG, interferon gamma; IFNK, interferon kappa; IL, interleukin; BMP, bone morphogenetic protein; TGFB, transforming growth factor-beta; TNF, tumor necrosis factor; LTA, lymphotoxin alpha; TNFB, tumor necrosis factor beta; CSF, colony-stimulating factor; TNFSF, tumor necrosis factor (ligand) superfamily; LEFTY2, left-right determination factor 2; FAM3B, family with sequence similarity 3, member B; GDF, growth differentiation factor; INHA, inhibin alpha; FIGF, c-fos induced growth factor; PDGFA, platelet-derived growth factor alpha polypeptide; NODAL, nodal growth differentiation factor.
efficiency in the whole RT-PCR reaction, and presented the data normalized to ACTB expression. Data normalization was based on correcting all Ct values for the average Ct values of several constantly expressed housekeeping genes present on the array, as previously described (17).
qRT-PCR.
To validate the whole genome microarray data, qRT-PCR was performed using the SYBR ® PrimeScript™ RT-PCR kit in the LightCycler System (Roche Diagnostics, Lewes, UK) for 13 supplementary cytokine genes. Samples were selected from the original microarray experiments for further qRT-PCR testing based on sufficient RNA remaining. Total RNA was extracted from the serum samples using TRIzol reagent (Invitrogen Corp.) containing RNAsafe (Tiangen Biotech Co., Ltd., Beijing, China) and converted to first-strand cDNA according to the manufacturer's instructions. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) expression was used as an internal control and the relative expression of each gene was determined by the fold change (2 -∆∆Ct ) method, comparing the expression of the test gene to an average GAPDH, and then comparing the LC group versus the healthy control group. The primers used for cDNA amplification are presented in Table III .
Statistical analysis. Patient data are expressed as the means ± standard deviation (SD). Comparisons were made using the Student's t-test. In the process of screening differentially expressed genes in the whole genome microarray and the Human Cytokines RT 2 Profiler PCR array, a ≥2-fold change indicated a significant change in gene expression based on the microarray manufacturer's recommendations. Categorical variables are given as numbers and percentages; Fisher's exact test was used to test their associations. Statistical analyses were set with a significance level of 0.05 and were performed using SPSS 15.0 statistical software (SPSS Inc., Chicago, IL, USA).
Results
Whole genome microarray analysis. We investigated the gene expression profiles in BMECs treated with sera from patients with LC or sera from healthy volunteers using whole genome microarray. To identify differentially expressed genes, we performed a fold change filtering between the 2 samples. The threshold is a fold change ≥2.0 or ≤-2.0. The results revealed that there were 1,106 upregulated genes and 766 downregulated genes in the BMECs treated with sera from patients with LC. Only genes with p<0.05 and a fold change ≥2.0 for upregulation and ≤-2.0 for downregulation were considered for expression analysis.
Gene Ontology (GO) analysis and signaling pathway analysis of differentially expressed genes. In order to identify the activated pathways present in BMECs treated with sera from patients with LC, functional categories of the differentially expressed genes were identified using GO analysis. The GO categories are derived from Gene Ontology (www.geneontology.org), which comprises 3 structured networks of defined terms to describe gene product attributes. An enrichment score which is equal to -log10 p-value denotes the significance of GO term enrichment in the differentially expressed gene list. The lower the enrichment score is, the more significant the GO term (p<0.05). The most significant functional categories of the genes were as follows: a large number of upregulated genes were involved in processes, such as cell-cell adhesion, apoptosis and cellular response to stimuli and the downregulated genes were involved in the negative regulation of secretion, angiogenesis, blood vessel development and cell growth (Fig. 1A) .
Based on the latest Kyoto Encyclopedia of Genes and Genomes (KEGG) database, we carried out pathway analysis of the differentially expressed genes. The results revealed the pathways with the highest enrichment scores as follows: the upregulated genes were either cell adhesion molecules, Table III . Primers used for quantitative PCR.
Gene
Forward primer Reverse primer
or involved in the chemokine signaling pathway, Jak-STAT signaling pathway, TGFB signaling pathway, carbohydrate diges-B signaling pathway, carbohydrate digessignaling pathway, carbohydrate digestion and absorption and the B cell receptor signaling pathway. The downregulated genes were involved in the Wnt signaling pathway, MAPK signaling pathway, cytokine-cytokine receptor interaction, endocytosis, calcium signaling pathway and the T cell receptor signaling pathway (Fig. 1B) . The upregulated genes were either cell adhesion molecules, or involved in the apoptotic signaling pathway (Table IV) and the downregulated genes were involved in the Wnt signaling pathway and MAPK signaling pathway (Table V) which had the highest enrichment scores and greatest statistical significance (p<0.05).
Apoptosis assay of BMECs treated with sera from patients with LC. The results of flow cytometry analysis revealed that the BMECs treated with sera from patients with LC had a higher percentage of apoptosis (20.12±2.39%) compared with the control group (9.68±1.28%) following cultured for 48 h (p<0.05) (Fig. 2) . These results suggest that serum from patients with LC induces BMEC apoptosis, which confirms the accuracy of bioinformatic analysis.
Human Cytokines RT
2 Profiler PCR array. In order to investigate the cytokines abnormal expressed by human BMECs following treatment with the pooled sera from patients with LC for 48 h, the Human Cytokines RT 2 Profiler PCR array was carried out to detect the mRNA expression of 84 important cytokines. The typical amplification curves from the sample of BMECs treated with sera from patients with LC analyzed by RT-PCR are shown in Fig. 3 . To identify the differen- tially expressed genes, we performed fold change filtering between the 2 samples. The threshold is a fold change ≥2.0 or ≤-2.0. The results revealed that TGFB1, TNFB, IL24 and TNF receptor superfamily, member 11b (TNFRSF11B) were upregulated (fold change ≥2.0) and IL1A, IL6, IL11, IL17C, family with sequence similarity 3, member B (FAM3B), Fas ligand (FASLG) and TNF (ligand) superfamily, member 13b (TNFSF13B) were downregulated (fold change ≤-2.0) in the BMECs treated with sera from patients with LC (Fig. 4) .
Supplementary screening and validating of cytokine genes by whole genome microarray analysis and qRT-PCR.
In order to detect more differentially expressed cytokine genes in the BMECs treated with sera from patients with LC, we also screened 13 genes (cytokines, chemokines and growth factors) which were not identified as differentially expressed genes in the whole genome microarray (Table VI) . In order to confirm the accuracy of the results, qRT-PCR was carried out to validate the 13 genes. The results revealed that 10 of the 13 differently expressed genes were consistent with the data from microarray analysis. The fold changes of those 10 gene expressions, as determined by whole genome microarray and qRT-PCR, are presented in Fig. 5 .
Differentially expressed cytokine genes and bone marrow haemopoiesis. The Human Cytokines RT 2 Profiler PCR array, whole genome microarray and qRT-PCR were carried out to factor 1 (IGF1), fibroblast growth factor 22 (FGF22), slit homolog 2 (Drosophila) (SLIT2), thrombospondin (THBS)2, THBS3, chemokine (C-C motif) ligand 28 (CCL28) and macrophage stimulating 1 (MST1)] from 97 cytokine genes in the BMECs treated with sera from patients with LC. After retrieving a large number of literature on the functions of the 21 differentially expressed cytokines during bone marrow hemopoiesis in PubMed and then analyzing these results, we found that the hemopoiesis-stimulating factors, IL1A, IL6, IL11 and IGF1 were downregulated, whereas the hemopoiesis-inhibitory factors, TGFB1, TNFB and MST1 were upregulated.
Discussion
LC refers to multiple organ and system disorder, including the kidneys, brain and other organs induced by extensive inflammatory reactions and damage to hepatic functions (18) . Clinical trials and experimental studies have shown that the humoral inhibitors in the sera of patients with LC can affect hematopoietic tissue by acting on erythroid differentiation (19) . In our previous study, in vivo experiments revealed that the important components of the bone marrow microenvironment (BMECs) in patients with LC and mice with LC underwent changes after CCL4 induction (7) . In order to further investigate the effects of LC on BMECs, in this study, we carried out whole genome expression profiling to detect differentially expressed genes in human BMECs treated with pooled sera from patients with LC or sera from healthy volunteers as the control group. The results revealed that 1,106 genes were upregulated and 766 genes were downregulated. The results from GO analysis and pathway analysis indicated that the important upregulated genes were involved in processes such as cell adhesion, cellular response to stimuli and cell apoptosis and these genes were mainly either cell adhesion molecules or involved in the apoptotic pathway; the important downregulated genes were involved in blood vessel endothelial cell migration, cell surface receptor signaling, vasculature development and secretion and these genes mainly belonged to the Wnt and MAPK pathways. Moreover, apoptosis assay confirmed that the humoral inhibitors in the sera of patients with LC induced the apoptosis of BMECs.
The pathway of cell adhesion molecules involves the high expression of selectin P ligand (SELPLG), intercellular adhesion molecule 1 (ICAM1), cadherin (CDH)1, CDH3, CDH5 and other cell adhesion genes. SELPLG is the most wellinvestigated P-selectin glycoprotein ligand and it belongs to the adhesion molecule family for granulocytes, platelets and endothelial cell adhesion, which can promote the incidence of inflammatory reactions and vascular lesions (20, 21) . ICAM1 is expressed at relatively low levels in normal BMECs and its overexpresion indicates damage or the activation of endothelial cells (21) (22) (23) . CDH1, CDH3 and CDH5 belong to the cadherin family, among which CDH5 (VE-cadherin) plays important roles in regulating the stability and integrity of the vascular endothelium (24) . It can coordinate some signals, inhibit the growth of vascular cells and decrease their permeability (25) . The overexpression of these adhesion molecules indicates that the blood pathogenic factors of LC may lead to changes in BMECs.
The expression levels of protein kinase, cAMP-dependent, catalytic, alpha (PRKACA or PKA), DNA fragmentation factor, 40 kDa, beta polypeptide (caspase-activated DNase) (DFFB), myeloid differentiation primary response 88 (MYD88), TNFRSF1A-associated via death domain (TRADD) and other genes in the apoptotic pathway increased. PKA can function in promoting endothelial cell apoptosis and inhibiting vascularization. Kim et al found that PKA inhibition can promote vascular endothelial formation (26) . DFFB is a type of nucleotidase expressed during genomic DNA fragmentation in cell apoptosis. The overexpression of DFFB indicates an increase in apoptosis (27) . MYD88 negatively regulates cell growth in several hematopoietic and non-hematopoietic cell types, including growth inhibition and apoptosis (28) . TRADD can continuously recruit TNF, Fas and other cytokines to induce cell death (29) . More importantly, the results of flow cytometry analysis suggested that sera from patients with LC induced BMEC apoptosis; these results ares consistent with the results of bioinformatic analysis.
The downregulated genes, such as wingless-type MMTV integration site family, member 3 (Wnt3), wingless-type MMTV integration site family, member 11 (Wnt11) and presenilin (PSEN) are involved in the Wnt pathway. The Wnt pathway plays important roles in cell formation and angiogenesis. Wnt3 can regulate endothelial cell proliferation and angiogenesis by inducing Nanog transcription (30) . Zhou et al found that Wnt11 played important roles in regulating cardiac formation. Wnt11 signaling can regulate the morphogenesis of the cardiac outflow tract by affecting extracellular matrix formation, cytoskeletal reorganization and polarized cell migration (31) . PSEN1 can regulate the proliferation and differentiation of endothelial progenitor cells, and the functional loss of PSEN1 in the endothelial cell lineage may induce vascular diseases (32) . The downregulation of these angiogenesis-promoting genes in the Wnt pathway indicates that the humoral inhibitors in the sera of patients with LC may affect the capacity of BMECs for angiogenesis.
Epidermal growth factor receptor (EGFR), calcium channel, voltage-dependent, T type, alpha 1G subunit (CACNA1G), v-mos Moloney murine sarcoma viral oncogene homolog (Mos) and other genes in the MAPK pathway are expressed at low levels. The MAPK pathway is associated with promoting vascular endothelial proliferation and angiogenesis. EGFR plays a key role in maintaining the functions of endothelial cells and endothelial cells are unable to grow after the knockout of the EGFR gene (33) . Angiotensin II can induce CACNA1G expression by the AT1 receptor, Ras and MEK in endothelial cells, and CACNA1G can mediate angiotensin II to promote endothelial cell migration (34) . Mos is a type of proto-oncogene encoding serine and tyrosine kinases and it can regulate the cell cycle in meiosis (35) . The low expression levels of these genes in the MAPK pathway indicates that the pathogenic factors of LC may affect the angiogenic capacity of BMECs and cell growth.
In addition to the above, a more important result was found in our experiments. The Human Cytokines RT 2 Profiler PCR array, whole genome microarray analysis and qRT-PCR were carried out to screen and verify 21 differentially expressed cytokine genes from 97 detected cytokine genes in BMECs following treatment for 48 h with pooled sera from patients with LC. Of note, further analysis on these differentially expressed genes indicated that the positive hematopoietic factors, IL1A, IL6, IL11 and IGF1, were expressed at a low levels, while the negative hematopoietic factors, TGFB1, TNFB and MST1, were expressed at high levels.
As shown above, BMECs are extremely important components of the bone marrow microenvironment, and they constitute a barrier between the bone marrow microenvironment and peripheral blood circulation (8) . They are in direct contact with blood and are exposed to the environment with pathogenic factors for LC; on the other hand, they function as cyto skeletal components to support the adhesion of HSPCs in the bone marrow microenvironment (9) . More importantly, they secrete cytokines to the bone marrow microenvironment by paracrine secretion, which regulates positioning, homing, proliferation and the differentiation of HSPCs (10) . The results of the Human Cytokines RT 2 Profiler PCR array and the whole genome microarray revealed that the positive hematopoietic factors, ILA1, IL6, IL11 and IGF1, secreted by BMECs were expressed at low levels following treatment with pooled sera from patients with LC; these factors all have functions in promoting hematopoiesis; for instance, IL1A has several functions, and it can regulate hematopoiesis by inducing the release of other active molecules or coordinating thrombopoietin (TPO) (36) . As for IL6, Bernad et al found that IL6 can promote growth and the self-renewal of hematopoietic stem cells and early hematopoietic progenitor cells (11) . In vivo and in vitro experiments have shown that IL11 can exert effects on several types of hematopoietic cells, and previous studies have shown that the in vivo hematopoietic functions of IL11 are significant, and that it can significantly stimulate the platelet count in the peripheral blood of normal animals or animals with bone marrow depression (12) . Although IGF1 is not a classical hematopoietic growth factor, it can promote the maturation of erythroid cells and the proliferation of erythroid progenitor cells. Furthermore, IGF1 can promote heme synthesis and acidophilic erythroblast enucleation (37) .
Moreover, we also found that the mRNA levels of the negative hematopoietic factors, TGFB1, TNFB and MST1, were expressed at high levels following treatment with sera from patients with LC; these factors have functions in inhibiting hematopoiesis. For example, TGFB1 is not only an important mediator of LC, but also a negative hematopoietic regulatory factor which can directly inhibit the proliferation of early hematopoietic stem cells (13, 38) . As for TNFB, Skobin et al found that TNFB can inhibit the growth of erythroid cells, granulocytes and megakaryoblasts (39). Broxmeyer et al (40) reported that MST1 can coordinate with stimulating factors for early hematopoietic progenitor cells and significantly inhibit the proliferation of early hematopoietic progenitor cells. Cheng et al found that MST1 secreted by BMECs had significant inhibitory activities on hematopoietic progenitor cells (41) .
In conclusion, adhesion molecules and apoptotic pathways were expressed at high levels in BMECs treated with sera from patients with LC, and the Wnt pathway and MAPK pathway, which promote vascularization and endothelial cell proliferation were expressed at low levels. Moreover, apoptosis was induced in the BMECs treated with sera from patients with LC. These results indicate that the humoral inhibitors in the sera of patients with LC may damage BMECs, affect their growth and induce cell apoptosis. Moreover, the positive hemopoietic factors secreted by BMECs treated with sera from patients with LC were downregulated, and the negative hemopoietic factors were upregulated, which may lead to a disturbance in the bone marrow micro environment and the dysfunction of HSPCs, finally causing abnormalities in hematological indices in patients with LC. This phenomenon may be one of the important reasons for hematological abnormalities in patients with LC, and may provide novel therapeutic targets for scientific researches and clinical trials in the future.
